Abstract Pediatric insomnia, defined as chronic and clinically significant difficulty with initiating and/or maintaining sleep in children and adolescents, can profoundly impact functioning and well-being on both the child and their family. Behavioral interventions for insomnia in pediatric populations have been shown to be highly effective. This review expands upon this growing literature by summarizing the studies that have examined behavioral treatments for insomnia in children and adolescents published since 2013. Three themes emerge: (1) how pediatric insomnia is being treated in health settings; (2) efforts to adapt treatment to unique patient populations; and (3) the development of novel delivery methods for effective dissemination of treatment. Recommendations for important future clinical research questions are discussed.
Introduction Pediatric Insomnia
Insomnia in children, similar to the definition in adults, is primarily characterized by difficulty initiating or maintaining sleep and/or poor sleep quality which results in significant impairments in daytime functioning. In contrast to adults, early morning awakening and nonrestorative sleep are far less common symptoms in children. Furthermore, it is often the caregiver rather than then the patient who offers the presenting complaints; in clinical practice, these are typically bedtime resistance, prolonged sleep onset, and/or night wakings which, especially in younger children, require parental intervention. Consequences related to pediatric insomnia not only include disruption of physical and psychological health [1, 2] but also meaningful functional impairments including poor school performance and behavioral dysfunction (e.g., oppositionality, defiance, and increased impulsivity) [3, 4] . In addition, caregivers of children with poor sleep must also bear a health burden as they are more likely to report depression, distress, fatigue, and marital conflict [5, 6] .
It is estimated that up to 40 % of typically developing children report insomnia symptoms [1, 7, 8] , and the lifetime insomnia disorder prevalence for adolescents in the USA exceeds 10 % [9] . Thus, due to the high prevalence and significant impact on both children and families, there has been an increasing level of interest among clinical researchers in identifying evidence-based treatment modalities for pediatric insomnia disorder, with a particular focus on behaviorally based interventions [10, 11] .
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Treatment for Pediatric Insomnia
Multiple literature reviews, including a number of recently published comprehensive summaries of behavioral treatment of sleep disorders [12] [13] [14] [15] , have demonstrated that behavioral interventions are highly effective treatment modalities for insomnia, especially in young children [16, 17] . These findings stand in contrast to the general lack of efficacy, as well as safety concerns, in studies examining pharmacologic treatment of insomnia in both children and adolescents [18, 19] . Key components of empirically based treatment for what was formally termed Bbehavioral insomnia of childhood( sleep onset association and limit-setting subtypes) [20] include consistent bedtime routines, the development of appropriate sleep associations and self-soothing skills, bedtime fading (temporarily delaying bedtime to more closely approximate actual fall asleep time), decreasing parental attention for problematic bedtime behaviors, positive reinforcement for appropriate bedtime behaviors, and self-relaxation strategies [21] .
It should be noted that while these strategies have considerable empirical support, concerns have been raised both by caregivers and by some clinicians and researchers regarding potential harm and cultural implications (e.g., extinction is likely to be inappropriate in cultures where co-sleeping is encouraged). A number of legitimate questions remain, but a recent comprehensive prospective controlled study examining the impact of standard behavioral interventions for insomnia in young children attempted to address many of these concerns (e.g., negative impact on attachment, psychological stress, and child function) found no evidence of long-term negative consequences on emotional, cognitive, and social functioning [22] . Furthermore, behavioral sleep interventions also appear to provide secondary benefits for both the children (e.g., improvements in self-esteem and emotional well-being [17] and the development of important self-regulation skills [23] ) and their parents (e.g., mood, marital satisfaction [24, 25] ).
In contrast, the literature examining effective treatment strategies for what was previously termed Bprimary^or Bpsychophysiologic^insomnia disorder in the pediatric population is sparse. While there is some controversy regarding how these evolving definitions of insomnia apply to the pediatric population, the more Badult-like^constellation of insomnia presentation symptoms characterized by heightened physiologic arousal, anxiety about the daytime consequences of insomnia maladaptive cognitions about sleep, and counterproductive behaviors to address insomnia (e.g., extending sleep when possible, daytime napping, lying in bed for extended periods awake) are rarely observed prior to age 10 years (with the exception of children with co-morbid anxiety [26] ).
In adults, there exists a number of solid evidence-based approaches to the treatment of insomnia, including cognitive-behavioral therapy for insomnia (CBT-I), yoga, and mindfulness-based practices [27] [28] [29] [30] . However, there are very limited data in pediatric populations, especially as some of the components of such treatments (e.g., cognitive re-appraisal, mindfulness meditation, etc.) are not fully appropriate for younger patients. In this developing field of research, efforts have increasingly focused on the application of strategies proven to be effective in adults in older children and adolescents [31] [32] [33] [34] [35] [36] [37] .
The purpose of this review is to present a summary of recent literature published within the past 3 years relevant to the behavioral treatment of insomnia in children and adolescents. We identified pertinent publications in the period from 2013 to early 2016 by conducting a review of three major electronic bibliographic databases: PubMed, PsycINFO, and Google Scholar. Searches used the term Bpediatric^as the main indicator, and combined this with either Binsomnia,^or Bsleep^and searched using the following additional search terms: Bbehavioral,^Bbehavioral treatment,^Bbehavioral therapy,^Bcognitive,^Bcognitive treatment,^Bcognitive therapy,^Btherapy,^and Btreatment.^In addition, we examined the references of the publications that were identified using these bibliographic databases, as well as searched for which newer publications had cited manuscripts published in the relevant time period by using Google Scholar's Bcited byf eature. Three key themes appeared in the literature. First, researchers documented how pediatric insomnia is currently being treated in health settings. Second, there is increasing attention to adapting behavioral insomnia treatments within unique pediatric populations. Finally, there is a push to address treatment barriers by thinking of novel ways in which these evidence-based treatments can be effectively disseminated in community settings.
Treatment of Pediatric Insomnia in Medical Settings
As practice patterns in community clinical settings can vary, several studies have examined practice patterns regarding treatment of sleep problems in children. For example, Australian researchers conducted an online survey of 181 pediatricians and inquired about how they managed sleep disturbances [38] . Though the majority of pediatricians incorporated behavioral strategies in their management of sleep problems, the use of medication was more commonly reported. Results indicated that more than half of responding providers had prescribed melatonin to patients as young as 6 months of age, primarily for difficulty with sleep initiation and delayed sleep phase. Similarly, researchers in Canada concluded that 88.9 % of physicians had recommended over-the-counter medications and 66.1 % prescription medications for children with sleep problems within the past 6 months, especially in patients with developmental delays [39] .
In the subspecialty setting of a pediatric behavioral sleep medicine clinic, Byars and Simon conducted a study of insomnia evaluation and treatment [40] . This study provided encouraging data demonstrating that CBT-I was effective in reducing insomnia symptoms on a center-specific insomnia severity measure by 40 % in children and 29 % in adolescents. Younger patients typically received parent-guided interventions that were behavioral in nature, whereas older patients responded well to CBT-I. Study authors also found that most behavioral interventions were relatively brief and timelimited; most did not last beyond 12 weeks and none required more than four clinical sessions. Approximately 90 % of patients who formally terminated treatment with their provider reported improvements to their insomnia, compared with 80 % in those who terminated early.
Inconsistencies in the delivery of clinical care can be problematic for patients. Thus, opportunities to provide further training for clinicians focused on the classification and appropriate treatment (both pharmacological and nonpharmacological) of sleep disorders in children would be helpful. For example, training packages for pediatric providers, including clinical decision flowcharts, are currently in development by the Australasian Sleep Association [38] . Furthermore, efforts to delineate the most effective delivery systems for children's sleep services, as well as efficacy trials of behavioral treatments in a variety of community settings (e.g., inner city and rural environments), and for a range of populations (e.g., racial/ethnic minorities, recent immigrants), will be key in addressing the full spectrum of pediatric patients.
Adapting Behavioral Treatments for Insomnia in Special Pediatric Populations Patients with Medical and Neurodevelopmental Conditions
A number of recent studies have focused on identifying and addressing sleep problems in special populations, including children with Down syndrome [41, 42] , autism spectrum disorders (ASD; [43] [44] [45] [46] ), developmental delays [47] , cerebral palsy and epilepsy [48] , migraine headaches [49] [50] [51] , Tourette syndrome [52] , Prader-Willi syndrome [53] , Williams syndrome [54] , and neurofibromatosis type 1 [55] , among others [56] [57] [58] [59] . The emotional and behavioral deficits that are at the core of many developmental disorders may impede efforts to successfully treat insomnia among these patient populations. However, it should be noted that recent efforts to deliver insomnia treatment in these populations have largely been successful, highlighted by a flexible approach with frequent follow-up. Though these trials included small sample sizes, the work is important because behavioral treatment for insomnia is commonly considered front-line therapy in typically developing children, and there is a need for further evidence supporting its feasibility and acceptance for parents and providers in populations with special needs [60, 61] .
One study involved five children with a diagnosis of Angelman syndrome (a genetic syndrome characterized by severe speech impairment, intellectual disability, and motor coordination problems) [62] . The behavioral treatment approach instructed the child's parents to (1) create a sleepcompatible environment, (2) adjust and regulate the sleepwake schedule, and (3) manage parent-child interactions to reinforce appropriate sleep-related behaviors, particularly during the initiation phase. To address possible concerns about treatment adherence, a project coordinator maintained contact with the families on a weekly basis via telephone and email, and parents were encouraged to contact the study team during treatment as often as necessary. In addition, treatment duration was flexible, depending on the child's response to the intervention. Over the first month of treatment, disruptive behaviors decreased to almost zero and the children all improved in their ability to fall asleep independently. As a result, sleep duration increased an average of 30 min per night.
In another case study, two boys who had been diagnosed with ASD were successfully treated for insomnia symptoms using an individualized and comprehensive treatment approach [63] . One of the boys engaged in stereotypy (repetitive head shaking, body rocking, etc.) that delayed sleep onset, and repetitive item manipulation that was associated with extended night awakenings. The second boy struggled with selfsoothing that caused both sleep onset and maintenance difficulties. In both cases, basic behavioral strategies were implemented by clinicians, as well as specific case-related intervention adaptations (e.g., restricting access to stereotypy reinforcers), and using a video monitor to determine when to interrupt sleep interfering behaviors. Results demonstrated the efficacy of this individualized treatment model, with the study authors emphasizing the importance of a comprehensive evaluation of factors influencing each child's sleep problems.
Other researchers have targeted parents in order to improve the patient's sleep. Malow et al. [64] conducted a randomized trial of individual versus group-based sleep education for parents of 80 children between 2 and 10 years of age with ASD. The sleep education curriculum discussed specific components of successful sleep and behavioral strategies to improve sleep. It was delivered either via one 1-h individual phone call with two follow-up phone calls or two 2-h group sessions conducted over 2 weeks and followed up with two phone calls. Study findings revealed that delivery method did not significantly affect sleep and behavior outcomes. Across individual-and group-based approaches, the intervention was successful at improving actigraphy-measured sleep latency by almost 20 min, and in self-reported questionnaire measures of sleep function. Another study of 28 children (5-13 years of age) with co-morbid ASD and attention-deficit/ hyperactivity disorder (ADHD) included a two-session (plus follow-up phone call) intervention which discussed behavioral insomnia treatment strategies and sleep hygiene [65] . Compared to usual care, the intervention group reported improvements in their sleep, as well as behavioral functioning, up to 6 months later. However, a parent-focused intervention which was longer in duration (five sessions) did not result in statistically significant improvements to sleep outcomes in 40 families with young children diagnosed with ASD [66] . Study authors suggested that their null results may have been due to inclusion criteria that were too broad and a limited sample size.
Another patient population that has been the focus of recent research is childhood cancer patients and their families. For example, children undergoing inpatient chemotherapy slept over 35 min/night less and had poorer sleep efficiency than healthy, age-matched controls as measured by actigraphy [67] , and parents reported significantly less total sleep, and more wake after sleep onset. [68] . Unfortunately, these problems often do not resolve once the patients leave the hospital. Matthews et al. [69] examined sleep in families of children during maintenance treatment for acute lymphoblastic leukemia, during which children routinely receive corticosteroid injections that have the potential to negatively impact sleep [70] . The study found that mothers of the children not only slept worse than controls but also perceived their insomnia symptoms to have a greater impact on daytime function. Like their caregivers, adolescent and young adult cancer survivors are likely to report disrupted sleep, with resulting impact on their physical and psychosocial health [71] [72] [73] . There have been recent efforts to target the sleep of these older survivors. Zhou et al. successfully delivered an adapted form of CBT-I to 12 childhood cancer survivors over three sessions, both in-person and over videoconference [74] .
Patients with Psychiatric Co-morbidities
Recent research has also focused on whether CBT-I can augment cognitive-behavioral treatment for depression in adolescent patients (12-20 years of age) [75] . This pilot study found that 10 sessions of dual insomnia and depression treatment was effective at improving both objectively and subjectively measured insomnia symptoms, as well as some depression outcomes. These findings are not unexpected given previous studies reporting that pre-existing insomnia independently predicts the onset of depression in adolescents [76] , and suggests that pairing an insomnia treatment in a mood disordered pediatric population is not only feasible but also may be advisable for some patients.
Next, given how common disrupted sleep is in children with ADHD [77] , a number of recent studies have investigated the impact of behavioral interventions on insomnia in this group. Keshavarzi et al. [78] delivered a structured sleep program to children aged 8-13 years with ADHD (N = 40), which focused on monitoring sleep (sleep diaries), sleep scheduling, developing relaxing bedtime rituals, reducing electronics use, discussing positive events that occurred during the day or that the child was looking forward to, and developing a reward system for good sleep [79] . Parents reported significantly improved sleep, mood function, and social relationship function with family and peers following the intervention. In addition, the authors noted that improving the child's sleep also resulted in improvements in hyperactivity and/or conduct problems in their sample. Vetrayan et al. examined the impact of a 4-week behavioral sleep program on six children (aged 6-12 years) who were actively taking stimulant medications for their ADHD symptoms [80] . The intervention was effective in reducing sleep onset latency and bedtime resistance, and parents viewed the treatment as a positive experience.
These efforts to evaluate behavioral treatments for insomnia in special pediatric populations are a critical first step. However, many of these trials have required extensive provider involvement that would not be feasible in the average primary care or subspecialty clinical setting. Thus, implementation strategies that take into account the realities of clinical practice, including ways to manualize treatment so that other providers (e.g., social workers, nurses, etc.) can deliver therapy, or the leveraging technological advancements such as telemedicine may help to disseminate the findings from these efficacy trials.
Novel Approaches to Insomnia Treatment Delivery
Several barriers to the delivery of behavioral interventions for insomnia in pediatric populations, especially in primary care settings, have been identified. For example, an implementation of behavioral interventions for insomnia in children in the typical busy primary care clinical practice is challenging. In addition, the lack of availability of subspecialty (behavioral sleep medicine) care and an insufficient number of professionals with specialized training in sleep disorders all create problems with access to evidence-based care [81] .
One area of interest has been to develop approaches which are embedded within the school setting as this has the potential to improve access and reduce the likelihood of study dropout [34, 82] . Bei et al. offered a six-session program which delivered traditional components of CBT-I plus mindfulness-based practices to ten 13-15-year-old female adolescents in the school setting at the conclusion of the school day [83] . The program helped to improve both objective and subjective measures of sleep, and the intervention had an excellent completion rate. Another group of researchers sought to address possible concerns about low adolescent patient motivation to improve sleep and incorporated motivational interviewing techniques and parental involvement into their treatment approach [84] . Bonnar et al. studied 193 students in Grade 11 and also demonstrated that the school-based intervention was effective at improving sleep knowledge and outcomes. The authors noted that providing the participant's parents with access to study intervention materials (in lieu of direct face-toface intervention) did not significantly improve intervention efficacy. Finally, Paavonen et al. piloted a brief (four-session) behavioral sleep training program delivered to 16-18-year-old adolescents at school [85] . Actigraphic and subjective data revealed an increase in total sleep time (without a concomitant decrease in sleep efficiency) and improvements in overall subjective sleep quality. Furthermore, the authors also noted improvements in perceived stress and anxiety levels, even though the intervention did not target these outcomes specifically.
The adaptation of treatments for specific age groups has also been investigated. The Jugendlichen Schlaftraining (adolescent sleep training; JuSt) program, designed for adolescents between 11 and 17 years of age [86] , consists of six weekly group sessions for up to eight patients, with five of the sessions delivered to the adolescents, with one session designed for parents. Key treat ment components i nclude psychoeducation about sleep, behavioral strategies to improve sleep, cognitive therapy addressing maladaptive sleep-related cognitions, guided imagery for relaxation, and hypnosis. A total of 19 participants completed the study, with results indicating significant improvements in sleep onset latency, wake after sleep onset, and sleep efficiency that were maintained across a 12-month follow-up period.
Another novel approach that has received increasing interest is the use of the Internet to deliver insomnia treatment in order to address several of the potential access barriers for patients [87] . Several efforts have been undertaken in the past several years to deliver Internet-based treatment in younger patients [88, 89] . More recently, Speth et al. delivered a 5-session program that was adapted with age-specific information for toddlers (1-2 years), preschoolers (3-5 years), and school-aged children (6-10 years) [90] . Intervention content was delivered in text and through videos, and was directed at the child's parents. Their pilot findings indicated that an important factor influencing a parents' decision to use an Internet intervention for their child's insomnia was whether their health professional Bbought in^to a behavioral and online treatment approach. In addition, de Bruin et al. recently conducted a randomized controlled trial of a 6-week in-person CBT-I group therapy program adapted for adolescents compared with 6-week structured Internet therapy and waitlist control in adolescents 12-19 years of age [91, 92] . Participants in both the in-person and Internet therapy protocols reported significant improvements in both objective (actigraphy) and subjective measures of sleep onset latency, wake after sleep onset, total sleep time, and sleep efficiency compared with the waitlist control. The authors reported high treatment adherence, but did note that all study participants (including those who received Internet therapy) met face-toface with a study clinician prior to the start of treatment in order to establish a therapeutic contact, and that this may have been an important contributor to efficacy of the treatments.
Finally, it should be noted that, while promising, the untapped potential of delivering web-based treatment programs must be tempered by the challenges of this format. The development of an Internet intervention is costly, and usability issues related to technological errors and a lack of in person support may be an issue [90] . In addition, focus group data from 14-19-year-old adolescents indicate that some patients may prefer in-person therapy, rather than the use of an Internet-based approach [93] .
Future Directions
While there is solid evidence to support the efficacy of behavioral treatments for pediatric insomnia in real-world clinical settings [40] , much work remains to be done in developing the best evidence-based care for as many patients with pediatric insomnia as possible. For example, given how often insomnia is encountered in the primary care setting [94, 95] , pediatricians may benefit from further training Baround the classification and subsequent management of behavioral sleep difficulties^ [38] . Efforts could include online training and involve the development of clinical decision flowcharts that could assist pediatricians in the ongoing care of their patients. It is also important to acknowledge that Bone size does not fit all^in regard to effective insomnia treatment [96] ; this is even more salient in the pediatric population in whom there are both important developmental changes and inter-individual differences in sleep over time. Thus, it is critical that a clinician have a systematic and thorough approach to evaluating both the child with insomnia and the family prior to the initiation of treatment [97] in order to best match the treatment modality with the given clinical situation.
Pediatric sleep researchers share many of the same challenges as clinicians in developing evidence-based behavioral interventions for insomnia. Current gaps include the following:
Behavioral intervention content & Greater efforts are needed to understand how specific components of Ball-in-one [behavioral] sleep solutions,^and different treatment program durations and delivery formats may differentially impact sleep in children [98] , similar to recent efforts to Bfine-tune^CBT-I in adults [99] .
& While there is evidence to suggest that electronics use is prevalent in children and negatively impacts sleep [100] [101] [102] , interventions have not yet fully incorporated this message into their content.
Target populations
& More research is needed in patient groups with medical co-morbidities (e.g., those with developmental delays or chronic illness). Despite the prevalence of insomnia symptoms in patients with special needs, there is an unfortunate lack of evidence validating the use of standard, compared with adapted, behavioral interventions in this group [103] . & Almost all clinical trials have focused on delivering intervention content to mothers, rather than fathers. A recent editorial has indicated that increasing paternal involvement is relevant to advancing this field of research [104] . & Minority children, especially those who reside in urban environments, are at greater risk for the development of insomnia. This increased prevalence may be the result of environmental factors such as sleeping in overcrowded, unsafe, and noisy conditions [105] , child physical and mental health issues [106, 107] , and a variety of family and parenting factors [108] . Further research to address this growing health disparity is necessary in order to improve our ability to intervene with this at-risk patient population.
Intervention delivery
& More research is needed to assess the impact of different delivery formats on behavioral interventions for pediatric insomnia. For some patients, the use of a briefer and less intensive approach may be sufficient, and would result in improved adherence; other patients may require a more comprehensive model which could potentially include parental involvement (even with an older adolescent). This notion of a stepped-care model for insomnia treatment has been discussed in the adult literature [109] and warrants further research in pediatric patients as well [110] . & It will also be important to explore the feasibility, acceptability, and effectiveness of telehealth approaches to pediatric insomnia treatment, and for which types of patients and families this approach is likely to be successful. & As insomnia has been shown to be associated with social and academic adverse outcomes in children (and vice versa), children's sleep problems and their struggles at school must be viewed as related [7] . In addition, it is critical to further explore the school setting as an opportunity to intervene with sleep [82] , particularly as there may also be additional benefits with respect to school performance [111] .
Intervention outcomes & Future research in pediatric insomnia should also include an expanded repertoire of both subjective (e.g., validated questionnaires for all age groups and adapted for special populations) and objective outcome measures of sleep, including clinically meaningful biomarkers such as cardiovascular parameters, inflammatory markers, and physiologic stress measures [112, 113] .
Alternatives/adjuncts to behavioral treatment & While there are clinical circumstances in which the pharmacological treatment of insomnia in pediatric patients in combination with behavioral interventions may be beneficial, data regarding the safety and efficacy of such combined treatment modalities is currently lacking [114] [115] [116] [117] [118] . & Although complementary and alternative approaches to the treatment of insomnia in children show promise, there as yet have been only a few studies published. Carotenuto et al. used an acupressure wristband (originally designed to improve motion sickness/nausea symptoms) in adolescents with insomnia and demonstrated PSG-measured improvements in sleep onset latency, wake after sleep onset, and sleep efficiency [119] . Cone et al. piloted the use of healing touch in pediatric burn patients and noted improvements to the total sleep time and sleep efficiency [120] .
Conclusion
Between 2013 and 2016, an ever increasing body of evidence further improved our understanding of behavioral treatment of insomnia in the pediatric population. These findings highlight the diversity, and therein the challenges, of this work. Significant attention has been paid to demonstrating the efficacy of behavioral treatments in medical and psychiatric populations, underscoring the importance of tailoring therapeutic content to the unique needs of different patient groups. Beyond the generalized challenges associated with working with a specific patient population are the specific intricacies of individual patient presentation. Each child with insomnia symptoms presents in a distinctive fashion, with their own environmental context and differing levels of family engagement. Recent efforts to adapt treatment protocols to meet these distinctive needs, as well as to improve treatment accessibility, have been promising. 
